The low incidence of neoplasia, especially of muscle tissue, in nonhuman primates is well documented.6J0 Cases that have been briefly mentioned previously include a rhesus monkey with a leiomyosarcoma on the finger,* three macaques with colonic, gastric, and multiorgan leiomyosarand a marmoset with a rhabdomyosarcoma treated with 7,12-dimethylben~(a)anthracene.~ The number of reported neoplasms in Squirrel monkeys is especially small, considering the large number of this species used in research and kept as pets in the past. We describe here a spontaneous leiomyosarcoma of the subcutaneous tissue near the sternum and emphasize the diagnostic importance of immunohistochemical techniques in evaluating malignant tumors of uncertain origin.
A 15-year-old, male, wild-caught, pet Squirrel monkey (Saimiri sciureus) initially presented with a firm, sharply circumscribed mass 2.0 cm in diameter that was above the fourth left rib adjacent to the sternum. Within 15 days, it had nearly doubled in size. At surgery, the mass was circumscribed and easily peeled free of the surrounding tissue. Tissue samples were fixed in 10% neutral buffered formalin, routinely processed, stained with hematoxylin and eosin, Weigert's trichrome, and phosphotungstic acid hematoxylin. Additional 3 pm sections were stained by an avidin-biotincomplex immunoperoxidase method' for desmin, S-100, low molecular weight keratin, smooth muscle actin, and alpha 1 -antichymotrypsin.
Briefly, the slides were heated to melt the paraffin, dewaxed in xylol, and hydrated through graded ethanol. Endogenous peroxidase activity was blocked by treating the sections with hydrogen peroxidase in methanol for 20 minutes. The slides were rinsed with tap water and phosphate buffer saline, then treated with normal horse serum for 20 minutes to reduce non-specific background staining. After rinsing, the sections were incubated for 30 minutes with primary antibody dilutions directed at either desmin (Dako Corporation, Santa Barbara, CA), S-100 (Dako Corporation, Santa Barbara, CA), Alpha 1 -antichymotrypsin (Dako Corporation, Santa Barbara, CA), or smooth muscle actin (Enzo Diagnostics Inc., New York, NY). Tissues incubated with low molecular weight keratin primary antibody (Enzo Diagnostics Inc., New York, NY) required predigestion with type I1 porcine trypsin (Sigma Chemical Co., St. Louis, MO) for 5 minutes, followed by incubation with the primary antibody for 18 hours. Dilutions of the primary antibodies were 1:lOO for alphalantichymotrypsin, 1 :250 for desmin and S-100, 1 : 1000 for low molecular weight keratin, and 1: 1500 for smooth muscle actin. Incubation in biotinylated secondary antibody and avidin-biotin complex lasted 30 minutes for each at room temperature.
Histologically, the tumor was composed of densely packed sheets of interwoven bundles of spindle cells with palisading nuclei separated by a thin collagenous stroma (Fig. 1 ). The cells were elongated with blunt-ended central fusiform nuclei, frequent mitotic figures, and abundant eosinophilic cytoplasm. Multifocal areas of tumor necrosis were present. A tentative diagnosis of a malignant spindle-cell tumor was made. The differential diagnosis included leiomyosarcoma, neurofibrosarcoma, fibrosarcoma, and rhabdomyosarcoma.
The tissues were post-fixed in B, fixative for 1 hour to Subcutaneous leiomyosarcoma with interlacing fascicular pattern of spindle cells. HE. Leiomyosarcoma, positive immunoperoxidase staining for desmin. Note the dark granular cytoplasmic staining. Harris' hematoxylin counterstain.
improve cellular detail. Sections stained with Weigert's trichrome for collagen fibers and phosphotungstic acid hematoxylin for muscle striations were negative pre-and post-B, fixation. Immunoperoxidase staining performed for the five antigenic markers mentioned previously was positive for desmin ( Fig. 2) , smooth muscle actin, and S-100. In the latter case, the staining was limited to one focus. With the histologic appearance, strong positive staining for desmin and smooth muscle actin, along with a lack of muscle striations with phosphotungstic acid hematoxylin staining, the diagnosis of leiomyosarcoma was made.
Monoclonal antibodies to antigenic markers are available to distinguish many tissue components by immunoperoxidase methods including the different intermediate filament subcla~ses.~.~ Desmin is an intermediate filament found in skeletal, cardiac, and smooth muscle. It has been used as a cell marker in human and veterinary pathology to identify leiomyomas, leiomyosarcomas, and rhabdomyosarcomas. Desmin is a 50,000-55,000 molecular weight protein that has a high degree of homology between species. In a recent study using antibodies prepared against human desmin, 14 of 22 canine smooth muscle tumors stained positively.2 As discussed in that report, a lack of staining could have resulted from a variety of causes, such as overfixation with formalin or the possibility that some of the tumors included in the study were not of smooth muscle origin.
Actin is a thin filament found in skeletal, cardiac, smooth muscle, and nonmuscle cells and is divided into three main subsets: alpha, beta, and gamma. Recently, a monoclonal antibody developed against chicken gizzard actin was found to recognize alpha and gamma actin isoenzymes present only in smooth Further one-dimensional Western Blot experiments with purified smooth and skeletal muscle actin from chicken, rat, monkey, and human tissues only recog-nized the smooth muscle preparations. Other monoclonal antibodies have been developed that recognize actin isozymes from both smooth and skeletal Leiomyosarcomas are rare tumors in domestic animals. They occur in the same sites as their benign counterparts (i.e., uterus), as well as sites where leiomyomas have not been reported (e.g., kidney, ovary, and skeletal muscle). In human beings, subcutaneous leiomyosarcomas are principally tumors of adult life, more common in males by a ratio of about 2.5:1, and most are solitary lesions on the extremities that with rapid growth achieve a large size by the time of biopsy.) Subcutaneous leiomyosarcomas are speculated to originate from the smooth muscle cells present in vessel walls.
A definitive diagnosis can be difficult to achieve with poorly differentiated spindle cell tumors. The histologic appearance along with the use of histochemical stains are the most commonly used methods in determining the diagnosis. These methods can lead to an erroneous conclusion by using the process of exclusion, rather than inclusion. In this case, the tumor could easily have been called a fibrosarcoma or a poorly differentiated sarcoma. The positive immunoperoxidase staining made an accurate diagnosis possible by including only sarcomas of muscle origin. Immunoperoxidase staining can be a useful tool in confirming, or providing a definitive diagnosis of, poorly-differentiated sarcoma^.^ A 9-year-old, castrated male, domestic shorthair cat was examined because of a 2-week history of intermittent vomiting that occurred a few minutes after eating. An esophagogram disclosed a 3.5-cm filling defect caudal to the heart. An endoscopic examination revealed that a mass occupied most of the esophageal lumen. A 6-cm long portion of the midthoracic esophagus was resected and the ends anastomosed through a sixth rib thoracotomy site. The cat was euthanatized when histologic diagnosis of the tumor was made. A necropsy was not permitted. Gross examination of the resected esophagus disclosed a firm, intraluminal, sessile mass (3 x 2 x 1.5 cm) diffusely infiltrating the adjacent wall and occupying most of the esophageal lumen. It had a gray-white appearance and was partly necrotic. Tissue specimens of the mass were fixed in 1 0% neutral buffered formalin, routinely paraffin processed, and stained with hematoxylin and eosin, mucicarmine, and modified Grimelius stains. Tissue specimens for electron microscopy were fixed in Karnovsky's fixative, buffered with s-Collidine, post-fixed in 19' 0 osmium tetroxide, and embedded in Maraglas epoxy resin. Paraffin sections were prepared for immunocytochemical analysis by the avidin-biotin-peroxidase complex method with negative and positive controls for somatostatin, serotonin, glucagon adrenocorticotrophic hormone (ACTH), calcitonin, and S-100 protein. The slides were counterstained with hematoxylin and eosin.
Light microscopic examination revealed that the tumor was characterized by groups or sheets of small-to mediumsized cells separated by thin, fibrovascular stroma ( Figs. 1-4) . The neoplastic cells infiltrating the muscular layers were arranged in cords and ribbon-like patterns with one or two layers of cells interspersed between the muscle fibers. The neoplastic cells were moderately pleomorphic, round, oval, or spindle-shaped, and the nuclei contained a patchy distribution of chromatin and large nucleoli. The pale, eosinophilic, granular cytoplasm was without distinct boundaries. There were one to two mitotic figures per high power field (0.25 pm in diameter). Neoplastic cells were found in all layers of the esophagus. In sections stained with modified Grimelius stain, the cytoplasm had a diffuse distribution of dark granules (Fig. 2) .
Electron microscopic examination disclosed that the tumor consisted of compact clusters of small, round, ovoid, and spindle cells joined by scattered rudimentary cell junctions. The nuclei contained dispersed and marginated heterochromatin, and many nuclei had a large, centrally located
